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ABSTRACT 



Current telemetering systems are too heavy 
and offer too few channels for successful application to 
the investigation of supersonic tost vehicles* A study 
of the available systems indicates three factors which 
arc uniformly inefficient* These factors are (1) the 
duplication of circuitry incident to the use of a sepa- 
rate amolifier for each channel; (£) inei f icient raethods 
of electronic ccssnutat ion; (2) waste of power by the 
continuous excitation of measuring bridges* 

A system is proposed which obviates these 
three points of Inefficiency* A single amplifier for 
the whole system and a commutat ion scheme using a 
binary scaling circuit and a resistance matrix reduce 
the tube requirement s for these two functions from 480 
tubes to 45* .ower is conserved by exciting the raeasur- 
lng bridges only during the time that information is de- 
sired from them* This process reduces the power require- 
ments for bridge excitation from the power required for 
continuous excitation by a factor equal to the reciprocal 
of the number of channels* 
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folioeiiv: tho^r prlnci^l , c reuits roro con- 
structed *1 ich Indicate that the ^ro^osed *yste aee'ns 
entirely practical* Such a syste: should he lighter than 
any of the present ones and also capable of providing at 
ieast f ur times as aieiij channels* 
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chapter I 



IKTBOBUOTIOH 

Telemetering is the process of measuring a value 
in one place and obtaining the result of the measurement 
in another place* Light weight systems were ceveloped 
first for upper air soundings for meteorological purposes, 
and since their development the emphasis on light weight 
in telemetering systems has been almost entirely in the 
fields of upper air sounding and flight testing of air- 
craft • 

The first meteorological radiosondes were intro- 
duced in 1929 by Bureau* and !&>ltchanoff‘ of France and 
Russia respectively* Both these systems provided only two 
channels, one for temperature and one for pressure* Later 
systems provided three channels, 2 the third for humidity 
indications* » Leteoro logical sondes were satisfactorily 
light - about two pounds - but their specialized measuring 
devices prevented their general application to other tele- 

1* R* Bureau, "Sondages de Pression et de Temperature par 
Radio telegraphic," Comptos Rendue3, June 1929, V. 180, p* 1565 

2. Anon* Uber Radio sonde-Konstruktionen, Internntionalen et 
eorologischen Organization, March 1937, Berlin. 

3. E. Duckert, "Radiosonde Telefunken, " Beltrage zur Physik 
der Frelen Atmosphere, 1933, V. 20, p. 303* 
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metering problems* 

Telemetering for aircraft taring test flights was 
first used in 1940* The origiml systems did no more t . an 
indicate on the ground the readings of dial type instruments 
in the aircraft. This means of telemetering was not satis- 
factory Sxnce most of the measurements desired from an air- 
craft in test flight were moot easily proviced by a means w. ich 
did not uirectly produce a dial type inaiettion. The iirst 
system that provided intelligence for transmission to the 
gr und without first converting to a dial indication was the 
Vultee Radio Recorder. 2 This system directly used the output 
of st sin-gauge or other a.c. bridges to odulate t' e trans- 
mitted signal and indicate observed values in the aircraft. 

, successful example oi the tele, ieter.ng t tc. s 
developed lor flight testing conventional aircraft is 
N. D. R. C, Telemetering hy stem, Type 1, j.odel 3.* This 
system weighs about 115 pounds an u provides information from 
18 different sources at a sampling rate of 10JO samples er 

1. 0. o. R. 3. Report, Ko* 1459, " ur.itser yste: for Tele- 
metering ...low- Varying Flight Instr - ents. ,f 

2. n. 3. Ciffen, "Vultee Radio Recorcer, " .eronautical Engineer- 
ing Review , July 1943, V. 2, no. 7, p. 9. 

3. Instruction: Book, :_RC ele et*rin«. hy stw , Type 1, ocel , 
Raymonc Rosen and Company, Philadelphia, ..anuf cturers. 
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channel per second* Even though the weight of this 
system aeo-.e excessive in comparison with the weight of 
meteorological s ndes, it must he realised tt at the 8,78-* 
tea still weighs no more than a asi&ll man and can pro- 
vide wore information at a faster rate then e.nj human* 
These tec factors make a telessetering system worthwhile 
for conventional aircraft* 

for a more detailed history of light well ht 
telemetering, a »©. in&r entitled ^The develop- ent of 
airborne Telcnetoring” ty ;.* lorter is available in 
the Vail library* 



CHAPTER II 



THE PROB.nEa£ 

The introduction of jet end rocket propulsion and 
the consequent desire for supersonic aircraft and guided mis- 
siles has caused great emphasis to he placed on decreasing 
the weight of telemetering systems end increasing the number 
of channels. 

Light weight is important in order that the size 
of the test vehicles will not have to he increased simply to 
carry the telemetering system* Small test vehicles are de- 
sirable from a standpoint of economy. Test vehicles in 
themselves are necessary for two primary reasons. First, they 
must be used to gather data concerning the transonic speed reg- 
ion. Up to the present time it h .s been impossible to con- 
struct a wind tunnel for use at these speeos because of the 
violent turbulence. This factor requires the use of test 
vehicles in actual flight. Next, before the data obtained 
from suDersonic wine, tunnels can be adequately exploited, 
this data and data obtained from actual flights must be cor- 
related. 

A large number of channels is cesirable in order 
that data from identical flight conditions may be obtained by 
obtaining as much data as possible from the same flight. 

This requirement arises from the expected difficulty of exactly 
reproducing flight conditions. 
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At the present time, the problem of providing a 
telemetering system meeting these requirements of light 
•eight and a large number of channels has not been solved. 

The minimum number of channels that will provide any meas- 
ure of satisfaction for aerodynamic and control system investiga- 
tors is about one hundred* No systems are available which 
provide more than about thirty channels and are still within 
the limiting requirements of size end weight. Up to the 
present, attempts et reducing weight have been by reducing 
the size of coiaponents through the use of sub-miniature 
tubes and similar devices without any profoundly different 
approaches having been attempted* 
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study of the available telemetering syste s inai- 
cates a cc"»»on tendency toward duplication of circuitry and 
a lack of si licity. ihe o ct obvious duplicrtion is the 
u^e of l separite amplifier for each channel* It is i medi- 
ately a'bcrcnt that if i single amplifier for the ie 
s cte;i co. Ic be used, -eight -ould he re*tly rweuc-c • In 
addition to the reduction o* the number of c„ fcaer'ts, uch 
les power *ould be required for the fe*er tubes used* L 
second inefficient use of tubes occurs in the co uutation 
methods used* The two nest cm on electronic ethods 1 
are the broken-ring tri ger circuit 2 and the ultivibr«tor 
c ain. In both these circuits, the tubes are product ively 
active for only a very short fraction of the total time; 
the rest of the time the sLuply araw current and waste 
po er. Power i3 alee wasted in the continuous sveitatio'. 
of the measuring bridges. 

1. he lrck of success of the ultee Fedio Recorder elic i- 
nntes the possibility of -echenical co.-.^ut tion for the 
sampling rates desired. 

2. L. L. Rauch, "electronic Coj* utrtion lor Tele etering," 
electronics , ebrucry 1947, V. 20, no. c, .114. 

3. V. L. Heeren, C. H. Hoeppner, J. It. auko, b. Licht. on, 

/. R. ohifflett, *'• ele-.et- rint, fro -2 Hooke* , Electronic o , 
-uirch 1947, £0, xv . 3, ;j . 10C» 
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With these thoughts in mind, the ideal system 
should embody & single amplifier, use a more efficient met*ns 
of electronic commutation and excite the measuring bridges 
only when necessary* The possible use of a subcarrier sys- 
tem is eliminated by this last requirement since in this 
method of multiplexing the measuring bridges would have to 
be continuously excited and consequently the system would 
necessarily be less efficient than one employing time- 
sharing as the method of multiplexing. Simplicity is de- 
sirable since in general a simple circuit will be both 
lighter and more roiiable than a complicated one. 

With these as objects, the system indicated by the 
block diagram of Fig. 1 is proposed. The operation of the 
system is briefly as follows: The 25 kc oscillator and switch- 

ing pulse generator produce a continuous 25 kc sine wave for 
excitation of the measuring bridges and a series of 
positive pulses at a repetition rate of 5 kc for switching 
purposes. The switching pulses go the inp^t of a binary 
scaling circuit which, in conjunction with a resistance 
matrix, produces the gating pulses. These gating 
pulses are used to excite in turn the measuring 
bridges. The output of the measuring bridges goes to a 
common amplifier. Thei^put to this amplifier is a series 
of blocks of 25 kc sine waves 5 cycles in duration, the 
amplitudes of the waves in each block being essentially 
the same and dependent on the unbalance in the measuring 
bridges. This sequence of blocks of 25 kc waves of dif- 
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F 16 . 1 . BLOCK DIAGRAM OF SYSTEM 
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ferent amplitudes is amplified and fed to a peak detector 
whose output is a sequence of positive pulses whose ampli- 
tudes are dependent upon the blocks of 25 kc input* The 
series of positive pulses is used to modulate the trans- 
mitted signal so os to indicate the intelligence obtained 
from the measuring bridges. This may bo done by pulse 
position modulation, frequency modulation, or any conveni- 
ent method. 

For the purposes of this investigation only the 
parts which are a significant departure from conventional 
systems were constructed and investigated. These parts are; 
the scaling circuit-resistance matrix method of obtaining 
gates; the video amplifier and peak detector. The remain- 
ing parts of the proposed system offer no unusual problems 
and present no obvious possibilities of weight reduction. 
Since these parts are conventional coramunicat ion circuits, 
it may be assumed that they are reasonably efficient. 

The gate producing unit consists of a binary 
scaling circuit, its attendant amplifiers and drivers and 
a resistance matrix. (See Fig. 2 and Fig. 3) The scaling 
circuit used is an adaptation of one used by Grosdoff* and 
has the advantage of not requiring any diodes or crystals 
for it 8 operation. It operates as a convent ional binary 

1. I. E. Grosdoff, "Electronic Counters," RCA Review, V. 17, 
p. 440, September 1946. 
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scaling circuit with the first stage "flipping” on etch 
in f ut pulse and each subsequent stage "flip ing" once for 
each two "flips" of the preceding stage* a six stage 
scaling circuit was used for this investigation resulting 
in the last stage "flip ing" after Z2 input pulses and 
in conjunction with the resistance matrix offering & pos- 
sible 64 channels* 

Originally it was hoped that the resistance 
matrix could be directly tied to the plates of the tu es 
in the scaling circuit* This unbalanced the scaling cir- 
cuit to such an extent that operation was reliable i'or & 
plate voltage range of only two or three volts* For this 
reason the matrix was isolated from the scaling circuit 
by a direct coupled cathode follower for each plate* With- 
out the amplifiers the gates available were only ten volts 
which were not large enough to operate the gating eastern 
in the most effective manner* lor this reason the ampli- 
fiers were introduced* Their addition increased the else 
of the gates available to twenty volts, which was ample* 

The grids of the amplifiers and the grids of the scaling 
circuit units to which the amplifiers correspond are 
directly connected and the grids of the driver units are 
directly connect d to theplates of the corresponding ampli- 
fiers. The driver stage was required in order that the 
gain in gate else in the amplifier would not be lost in 
driving the matrix* The addition of the driver stage also 



Ukr 

•* w-N l»l« firnu PUM 

1»1 ••• V ^ ••>#» K>lifVI#W VM| » m« f»W 

>»!•>-«*% «il W #I wl ftl.il *wl ft*** m «U<rsfft i*li«ftr* 
ft* Mtitfi UN • tert* -vu v'lr ^-i» IN a» «. 
-1 «U A NV l et MUft tfl lf*ft AUirccuUftQ U 

tliMtaA M fti-IU 



*• -A ft*U U •«* ft# tell v^* u iUfti iht« 

i-» tel**** •m*£« l a%i *1#7 llm*5 iftlUft* «tl *»i 



'<• kU.ilM ftfti Iftl/n^l JftMl Idftlu «» *M te a«JN 
•i*f ui 0 tr«S ft »«44 1 U tf«f bM 16 teun »M 4 lH •!*£% 



ft 



U«b«cl AM mlft til saftMl 

lit amaIaa te mm rml> i f 






N« II 




••4ft— IM 4»*4ft .ftllftV 






rift Aft-^ru, riftHU^ft w tell* #J ilk* N 






14 •»!«% 
i te M«ft 







NT .AV> 1 | 



II *N lift 



H«| II llH 






12 



greatly improved the wave form of the na.tr ix output, 
makin the pulses much more unij. in ^ize* 

The negative bias supply is used instead 
of cathode bias in the scaling circuit since it 
results in a slip lor circuit and a negative voltage is 
required for other parts of the system* 

The completed scaling circuit with its amplifi- 
ers and drivers is very stable in operation irrespective 
of changes in plate supply voltage* Accurate scaling 
results when the plate supply voltage of the scaling 
circuit is changed from 90 to 200 volts and when the 
negative bias voltage is changed from 50 to 90 volts* 

This lack of dependence on o stable supply voltage is 
a great advantage in a telemetering system both from 
a standpoint of reliability and the weight saved by 
avoiding the use of complicated voltage stabilizing 
circuits* 

The resistance matrix is very simple in 
operation in spite of the large number of resistors involved* 
Bef erring to Fig* 3, the leads labeled "Plate Leads' 1 are actu- 
ally the leads from the drivers. However, the voltages 
on these leads follow the plate voltages of the scaling 
circuit unit 8, and by calling them plate »le&ds the ex- 
planation of the operation is made much simpler* 
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Each cate lead h<,s six resistors on it, 
with each resistor going to a different plate lead* 
For example, the got© lead of channel Ko. 1 is con- 
nected by resistors to plates £, 4, 6, 8, 10, and 
1£, hen all these plates are nonconducting, the 
voltige on the gate lead will be at its maximum 
value, the nonconducting plate voltage. If ahy one 
of the plates is conducting, the voltage will be 
lees> The next highest voltage occurs when only 
one of the plates is conducting. This voltage is 

less than the maximum value hy ®1 " e £, where e^ 

rT~ 

is the nonconducting plate voltage, and e< r the con- 
ducting plate voltage and n io the number of stages 
in the scaling circuit, in this case six, addi- 
tional plates are conducting, the voltage is re- 
duced in steps of this same value, with the minimus 
value occurring when all are conducting. The value 
of these steps is decreased by the loading intro- 
duced by the other resistors to about half the cal- 
culated value in the actual circuit* 

The different gates are obtained as a re- 
sult of the scaling action of the circuit. The com- 
bination of the six nonconducting plates changes 
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with each input switching pulse, goes through a 
cycle and repeats after a number of input pulses 

X L 

which is equal to two raised to the n power 
where n is again the number of stages in the scal- 
ing circuit* The pattern of nonconducting plates may 
be seen in the plan view of the matrix in Fig. 5* 

The output of a typical gate lead in the matrix a.ay 
be 3een in Fig. 4. 

The individual resistor size chose is one 
megohm. This value is a compromise between a high 
value, which would reduce the power required by the 
matrix, and a low value, which would lower the charg- 
ing time constant of the matrix network resulting 
from the distributed capacity and the resistors. A 
higher resistor value undoubtedly can be used since 
some distortion of the matrix output can be tolerated 
and none at all resulted from charging lag with the 
one megohm resistors. 

In order to insure identification of the 
channels, it was originally intended to force the 
scaling circuit to start with channel one before the 
regular switching sequence had been completed by im- 
pressing a negative voltige on the grids of the tubes 
which were to be nonconduct ing for the channel one 
gate. For this reason only 50 gate leads were in- 
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stalled* This eel <*.>e was abandoned in fuvor of the 
#i?< lor s/ston of 1--V a t«i uenee of ok® me it blank* 

. n example is channel t £, 39, 00 *iv5 60* This rat t hod. 

In addition to being si .pier than the original plan, it 
more positive in identifying the ch* nnels* 

» variation of the matrix deploys crystals 
in. .i»C of resist ro *t the elements* This method f#s 
the advantage cf giving larger gates, the gnt«9 approach- 
ir$ e, - o^, as previously" identified* The preference 
for resistors in the matrix is » rGsalt of considerations 
of economy and reliability* The logical extension of the 
system considered is one giving about 120 channels* The 
number of crystals or resistors required is equal to the 
product of the number of charnels »v> the n.. hor of stages 
in the scaling circuit* / gate-producing unit for 1L0 
channels requires a scaling circuit of seven stages and 
consequently 640 crystals or resistors* This n».ber grGutly 
magnifies the difference in unit price between the crystals 
and resistors* If any one crystal aero to break down half 
the channels would be lost* For those reasons, Resistors 
appear superior in spite of the necessity of ending ampli- 
fiers* 

y»s a »ans of reduci!** the nower require ents 
of the system, it was decided to excite the measuring 
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bridges in succession rather then exciting all of then 
continuously* The individual power requirements of excit- 
ing a single bridge are easily mot ith even sub- 
miniature tubes while the power requirements of continu- 
ously exciting a hundred resistance strain-gauge bridges 
would require a good oised transmitting tube* 

The first hope was that it would be possible 
to gate the excitation of the bridgeo by means of 
crystals* This was not possible since in order to keep 
the crystals biased to nonconduction between gates so 
much power was required from the matrix that tho situa- 
tion was entirely unreasonable* 

The method used is shown in Fig. 5* Sub- 
miniature triodes are used instead of crystals* This 
results in an actual saving in weight since crystal gat- 
ing requires the use of two transformers* Only one 
additional lead is necessary, one filament load, since 
crystal gating also requires a bias supply* A further 
auventige of this systom is that the excitation resulting 
is a normal sine wave, rather than a rectified sine wave 
as would be the case with crystal gating* 

The operation of the gating system is as follows* 
Each switching triode is normally biased to cutoff and no 
current flows through its transformer* When n gating *^ulse 
arrives, the grid is driven positive and stays at very 
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nearly cathode potential for the duration of the pulse 
"because of the action of the grid-clipping resistor. 

The tube cho cen, S D 834, has a plate resistance of 
about 5000 ohms that ia very nearly constant for zero 
grid voltago despite changes of plate voltage. Con- 
sequently, the tube acts as an additional linear 
resistor daring its conduction period. The lot i value 
of plate resistance permits a large fraction of the 
applied voltage to be developed across the transformer 
for excitation of the bridge. The action of these 
tubes -sos the factor which required the amplification 
of the gating pulses. A tube which required less cut- 
off voltage, thereby permitting the use of smaller 
gates, at the same time woulu have a larger plate re- 
sistance and, consequently, woulc reduce the available 
excitation voltage. 

The resistors on the output of the bridges 
are for the purpose of reducing the effect of different 
states of balance in bridges other than the cne excited. 
If 1000 ohm bridges and 50,000 ohm decoupling resistors 
are used, the maximum change possible in the input to 
the amplifier for a given bridge output i9 about 0.004^. 

The transformers used in the experimental sys- 
tem wore pulso transformers. It wt3 hoped that these 
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would prove practical in the interests of lighter weight. 
Unfortunately, the use of pulse transformers li- its the 
excitation voltage to about 4 volts while the use of bridge 
transformers would permit the use of 12 or 15 volts. 

The video amplifier is conventional. (See Fig. 6) 
Rather high gain is necessary (a voltage gain of about 90 db 
is desirable) since the input to the amplifier is the 
output of the bridges reduced by a factor equal to the 
reciprocal of the number of channels. A tuned amplifier 
was originally proposed. This could not be used because 
of the build-up and decay times inherent in a system using 
resonant circuits. 

The operation of the peak detector is easily 
followed in Fig. 6. a cathode coupled multivibrator is 
used to generate discharge pulses of about 50 micro- seconds 
in duration at the beginning of each gating pulse. These 
discharge pulses are applied to the grid of a discharge 
tube which discharges the 200 raicro-micro-farad condenser 
in preparation for the next block of 25 kc waves from the 
succeeding channel. The increase in size of these d.c. out- 
put pulses of the peak detector was observed to vary 
directly with the amplitude of the 25 kc input to the ampli- 
fier (unbalance of a measuring bridge). 

The parts of the system which were not constructed 



and were necessary for investigation were simulated with 
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regular laboratory equipment* The 25 kc oscillator was 
simulated with a Hewlett-Packard Model 200 D followed 
by one stage of triode amplification: the switching pulse 
generator with a Synchroscope Type P4E and the strain- 
gauge bridge with a resistance bridge having a potentio- 
meter in shunt with a fixed resistor as the variable arm* 
Measurements were made with a Hewlett-Packard Vacuum Tube 
Voltmeter, Model 400 A for sine waves and a calibrated 
lumont Model 208 Oscilloscope for Dulses* 
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CHAPTER IV 



COSCLUSIONS 

The successful performance of the parts con- 
structed indicates that a telemetering system embodying 
the principles that hare been discussed could reasonably 
be expected to provide about a hundred channels and at 
the same time be lighter than any of the present sys- 
tems providing about thirty channels. 

In order to obtain twice as mary gates as the 
scaling circuit-matrix that was constructed provides, it 
is necessary only to add three more pairs of triode units 
and approximately double the sise of the matrix. The 
size of the gates available would be reduced by a factor 
of sixth-sevenths, which would not prevent operation. 

The additional end- instrument assemblies would be the 
only other parts necessary to double the number of chan- 
nels of the system. 

A comparison of the number of tubes required by 
the proposed system providing a hundred and twenty chan- 
nels and the number of tubes required by a conventional 
system using a multivibrator chain method of gating. 
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continuous excitation of bridges *.nd separate amplifiers 



for each channel 
Summary of 


indicates the 
Tubes Kequired 


savings possible, 
for 120 Channels 


Function 


Proposed 


Conventional 




System 


System 


Gate Production 


42 


240 


Amplifiers 


3 


240 


Total 


45 


480 



In addition to the reduction of the number of tubes 
there is an even greater reduction in the power required by 
the proposed system. The large number of resistors required 
by the matrix of the proposed system is a rather minor disad- 
vantage since these resistors are much smaller than tubes 
and require practically no power. In any case, each additional 
tube of the conventional system could reasonably be assumed to 
require at least two resistors for its operation. There are 
435 more tubes in the conventional system than in the pro- 
posed system, this number multiplied by two is 870 or thirty 
more than the number of resistors required in the matrix! 
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CHAPTER V 



SUOC^TIOKS FOR FUTURE TOBX 

The most apparent shortcoming of the proposed 
system is the basic inefficiency of using such a s .all 
fraction of the output of the measuring bridges as the 
amplifier input* (See Page 21*) For a large number of 
channels with the bridges near balance, the input to 
the amplifier approaches the noise level of the ampli- 
fier. a possible improvement is to use one stage of 
preemp).if i cat ion for a fraction of the total number of 
bridges and combine the outputs of the preamplifiers 
in a single amplifier* This, however, is an improvement 
and not a solution and is not very appealing since it 
returns to the situation of duplication of circuitry* 
u solution to this problem woulc greatly improve the 
proposed system* 

No provision has been made in the system for 
automatic calibration while in flight* Some means of 
providing this function must be provided if any degree of 
accuracy is to be achieved. Investigation of this 
phase of the telemetering problem seems very much in 
order* Current systems seem to make excessive use of 
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mechanically moving pert# to accoirplish this function 
and it is re contended that investigation ha in the 
dir*^ction of reducing or eli. *nating these moving 

parts* 

The proposed system in its present state 
ap-erx* cap* bio of providing a telemetering system with 
about one hundred and twenty channels* The construction and 
teat of tin actual telemetering system based on the princi u.es 
discussed end usirg til possible sienna of rub-miniaturisation 
seems worthwhile* 

If tho oyster, i a to be manufactured in any num- 
bers, an investigation of tho possibilities of "printing" 
the matrix network should be mace* In this process, the 
wiring is printed on a stoat i to plate with a silver solu- 
tion and the resistors in the fora of a carbon resin mix- 
ture are sprayed onto the plate in their proper locations* 

The process has only been used for planar networks. How- 
ever, the extension to the matrix should not be at all 
difficult since the wiring proper can be considered to lie 
in two parallel planes with the resistors in between* k 
pos.lblo method is to bore holes in the steatite in the 
proper places, fill the holes with a resistor paste and 

1* Cledo x^runetti, • b. Khoari, ’"’r'nted Eledtronic Cir- 
cuits," Electronics, ^pril 1946, V* 19, no* 4, p. 104* 
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paint the wiring on each side of the block* Probably 
the r»at convenient chnpe for the matrix is c. cylinder* 
If it were this shape, the scaling circuit, nraplifiera 
and drivers, the video amplifier, peak detector, and 
poesibly the modulator could all be assembled in a 
cylindrical shape placed inside the cylindrically shaped 
matrix and the whole assembly ’’potted” in wax* 
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